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ADJUSTED RATES': "THE DIRECT* RATE 



INTRODUCTION 



you ever become involved. in health or raedic«aV 
'research, whether • through actual experience. or through 
roadj/g.the literature, you are very likely to encounter 
the need- for'a comparison of rat,$s or* proportions for 
some, event^or characteristic, across/ different populations 
•of interest. if these populations Oe.g., different * 
communities, treatment groups, exposure groups) are • 
similarly constituted" with respect to factors (such as 
age, sex, race) associated with the. event under study, 
tfiere would be no problem in compa,rin^ simple crude >rates 
as they stand. However, if the populations are^not 
similarly cbijst ituted f- a straightforward comparison of^_ 
crude rates may be misl eadi^g . ' r ' 

This package is. intended *to teach you (-1) the 
conditions ^necessary ftfr recognizing such potentially 
misleading situations; and (2) how to .cope statistical 
with £uch ^situations through a procedure which wiir ,0 
rejnove t?he' -effects of addi t r©nal factors- (such as. age) 
9iv the comparison of interest. In general, we call this 
procedure v.ate adjustment.* \ Rate adjustment u^ses^ several 
different methods ; s in« this package, you will learn howjt^ 
use th-e direct method. ... J 

This package 4 is divided into four sections a^s 
fol lows : • <* " 

l.V When to adjus^rates. ' • i 

'2. ] What acfjusted- rates- dq and how to 'compute, 
the directly adjusted rate. , • 

, 3.. How to interpret adjusted rates. , . 

4.. Hpw to compute and interpret directly adjusted 
rates when ^ou are adjusting for'^actors other 
, v , % than age. \ h > . ] 



1. WHEN TO ADJUST RATES . 

IM * >'.„*., 

Briefly examine the illustration which compares * tfre 
•♦overall mortality of two states in* 1960. 




•"/.You might 'have guessed that th£ two states pictured 
above are' Ar-i zona* (on the left) and Alaska (on the right)* 
If you were a health researcher' interested in the effect 
ot climatic .conditions' on mortality you might decide to 
'study deaths in>these two states. This would allow the 
comparison of mortality in a cold, damp climate with 
mortality *in a* hot, dry* -one. - ' V 

Look.a't the c»ude 'death ra$esj£or 1960 in these two 
•stages:;'" .* • ? 



Alaska's crude death rate 



m * nnTdeathskl; : 

226J67(populatioft) * 
10121. (deaths), 



.005H or 5.8 per 1000* 



-Arizona's crude death rate. ^{'{^1^ - »0078 or ft; per 1000 



You might be surprised, considering the climate, to find 
that Alaska has the smaller rate* * 



. Question 1 . What state would you have expected tx> have had the 
higher rate if climatic conditions «were generally a£sociat;ed with 

■4 

mortality?^ 



A little knowledge of the populations .of these 
states might cause' you to adjust. .your interpretation. 
Look a£ the .age structures of the two states ,a*s repre- 
sented in the following diagram,. * 



ARIZONA 



* ALASKA 





m Ala'ska, a newer state, has tended to attract a* 
younger population. The dry,, warm climate of Arizona has., 
on the. other hand, attracted .many older persons. In fact, 
thef.dif ference 1 in crude rates can perhaps be at least 
partially explained by the simple fact that .Ari zcyia has 
an older population than Alaska. We should consequently 
expect relatively^more deaths in Arizona "simply because 
there are relatively more old people t;her<£, and. old 
people are at a high risk of dying. * ' t 

5 



The presence of a variable such as age in this- 
situation is one of the conditions necessary for^computa: 
tion of adjusted rates. 9 We call sucft a" variable a 
confounding .fiactor because it confounds or blurs ttye 

.comparison of .interest. In *>the,r words* the difference 
we. have observed in qrude .rates can be explained at lea'st 

'partly by the difference in age structures^ * • • « 

- ^ : ~ !_! , * • - 

Question 2 . v True or Falser ^If the twp crucfs ra,tes had been/exactly 

the same, this would give strong -evidence to suggest that climatic 

factors have no effects -oft overall mortality. 



A. Four Conditions * 

til Although the presence ,of a (I) % con founding factor is 
• the primary condition Jot rate adjustment, th$re are in 1 
all, four ba8iq conditions for rate or proportion adjust- 
% men t : M / * , * v 

- >(2)«'You are interested in e comparison »(not a 

\ 'single population). * , 

* * • . * 

(3)' The event- or characteristic of interest (in 

. .this case death) is defined foV .purpose of F 

' Analysis as a rate- (e.g.; death rate) or ' - 

t r \ proportion (not the mean of *a continuous* 

X- variable 'like blood pressure ,^here other kinds* 

- * of adjustment a re -sometimes used) . 
j \ • ■ # * • 

* (4) Your comparison involves overall rates' (not 

'specific, rates) , • ' ♦ * . * 

/ * ' ♦ * ' ' *. 

Note that all four conditions have to be satisfied to * 

. justify "adjusting rates*. . And this i*s certainly truS £or" 
^•the ex-ampie we have been considering. 

"~ 1 ; ■» : * 

Question 3 . True or False. If you had been interested^in comparing 

mean number of physicians per county between the two states '(inst&tT 

of comparing death rates), you would need to do rate adjustment. 



Question 4» True or False. If for the above -example' you were only * 
^ interest^ in comparing the, mortality rates forepersons irw^e ag£ • 

gVoup 55^64, you would need to adjust ra#es with respect towage. '< 
-Give two .reasons for your answer, * *■» * : : * 

r , ; ■ 1 

» B. : Should Overall. Rates Ever Be Used a^' All? 

m * An epidemiologist reamed. Wool sey (1950), expressing 

pinion shared by several other- researchers , has^ , 

poinfed <out that "specif fc sates are essential- because it. 

us only through the analys£s*of spe.ci fic * rates that an. . 

accurate and detailed study can .be <made of the variation 

among 'population classes." « * ' >- % . * 

• * ^ x «• • " 

Nevertheless 'an over-all rate can *be, ^uite useful as , 

a convement summary of the information in an entire- ■ *\ 

schedule of specific rate$. ThjLs is essentially -because 

,4 * • • ' • 

making irvterpetations can -become <iif f icult J^han the number 

6£ specific ratos is, large. Also, a .single rate.*is* ,i 

especially convenient when. addi tiorial variables o'f 

interest need to be brought rptQ analysis at a later stage 

Howeyor, there certainly are situations when use.o r 
•an ov.erall rate would be inappropriate br'at lea*s|,of 
questionable' vaUue. The criteria ft>r judging when ^n * *. 
overall rate shoirld *not be u&ed are: ^ * C i \ *^ 

. .. . \ 

- # * Interest in a Specific Grpup> The comparison of^ 
interest . is clearly' 'restricted to' a specific group. 
# -{Not«e, again, that your specific group is stfll ' 
very broadly defined, then age may still be a x 
confounding facto* and you may still meed to adjust 
^our : rates. 1 ) * s vV '^ * * 



Age * 
Group 


Arizona 


Alaska 






1 | 






2 










3 












k 







Don't, Use 
Overall Rate 




Do Use 
Overall Rate 



Inconsistency . There is noticeable, inconsistency 
in the .direction af age-sriecif ic differences; i.e. 
specific rates are noticeably' higher for one 
population at certain ages but noticeably lower . 

„-fot -this -population ,at* other ages -(Note _.£hat 
when this reason is val^d, no single overall rate 
for each population would pick up, the age-specific 

.differences. Rather, use of an overall rate would 

*tend to mask such dif ferenees-J^ 



5 . Age 



■ i 



J; J, 4 



,^tk 



Pop. A 
-Rate. 



Pop, B 
Rate 



24 



Don't Use 
Overall Rate 

•• . 12 



Age 
G$bup 



k 



Pop. A 
Rate 



Pop. B 
Rate 



m 



cm 



m 



0 



V7/ 



Do Use 
.Overall Kate 



* X 



6 - 



The following example illustrates use of the second 
criterion. ^ Look at the following table of age-specific 
death* rates^ for Alaska' and Arizona in I960.*- 



* APT 
AKil 




ALASKA (1960) * 


Age 


"Death Rate/1000 


Age 


Death Rate/1000 


^ i * 




<1 


43.1 


i -L 


* ' 1 ft * 


1-4 5 


2.1 % 




n *a * 


5-14 


Q.9 


'hp t " '-25-34 ^ 


1.5 <» 


15-24 


X * 4 


v 1.9 - 


25-34 


1.8 


. ' 35-44< 


3.3 ■ 


35-44" 


3.9 


V ' ; , 45-54 


7.7 


J5-54 


; 9.1 0 


^ "55-64 


17.5 


55-64 


16.4 


65-74 


35. 9 


65-74 


39.8 


75-84 


78. J' 


, 75-84 


• 105.6 . ^ 


85+ 


165.0 






• 


7.8 * - a 


5.8 



Note that : there is only one age-specific category 
(i.e. ,.85+) in the above data for which the rate fQr Arizona 
is noticeably higher than the corresponding -rate for Alaska. 
Consequently, it is reasonable to conclude that the dii*ec* 
tion of the age-specific differences is more or less 
consistent for these data so tha*t using an overall rate 
'•would be meaningful . , , t 



Question 5 . Suppose you Wished to compare tWo populations with the 

< 

following mortality rates: i ' 





Population A 


"Population JB 


Young * 


* 13.2/1000 


io.3/ip'oa 


Old ' 


; \9. 5/1000 


15.9/1000 



True or False.' An overall rate is appropriate here. 



Suppose you were interested in comparing typhoid fever attack 

*, - 

rates resulting from an epidemic in two .adjacent communities. Suppose 
also that you knew that race was associated with typhoid attack rate 
in the general population. Fur therl suppose- the d&ta look like'xhis: 



» 


Community 1 
Attack Rate/IOQO 

* 


Community 2 
'Attack Rate/1000 * 


* Blacks 


2.18 


- 1.96 


*Whites 


8.99 


8.81 


Overall 
Crude Rates 


* 

5.04 


?.80 



!♦ Can you list^the four conditions for rate adjustment {or give a 
general description that covers these 4 conditions)? 

a.f ; v c. 

bi 



b/ • 1 



d. 



2« The confounding factor in the above example is 



3- Circle^ as many^of the following terms as are appropriate that 
describe the characteristic of primary interest (i.e., "the 
variable about which a cbmparison. Is, desired)? 

a. confounding factor c. attack rate 

b. death rate " >d. mean of a continuous variable 

V #• V 

a, .Are race-specific rates consistently ^higher* £or one community 
"over the other community? Yes\^>^ No 

b. Does your answer to 4a support tne u: 



Does your answer to 4a support tne ude of •an N 6^e t rall rate? 



'Yes 



No 




m L&fa$* I How of the four- conditions for rate adjustment are satisfied? 

• ; ' > ^ * * <> 

• 6. True or False. ■ If the rate for Blacks in Community 2 were 5.2 4 
. . instead of 1.9% voir should" adjust- rates. Why? 



Check your answers on pafce 28. 



A 



2. WHAT ADJUSTED RATES DO 
AND HOW TO .COMPUTE THE* DIRECT RATE 

" A. ; What Adjusted Rates Do 

^Nc5j^ that you have learned when to adjust rates, you 
are ready to learh how ^o perform-this adjustment. Let 
us return t© the Ari zona -Alaska example: " ' 



ARIZONA . ALASKA - 




9 \ 



Recall, that this, example involves' a comparison of 
overall "rates J.n order to draw conclusions about the v \ 
possible^ef fects" of climate on the forcto)£ mortality. 
In making this comparison, we must remove^the effect of 
the confounding factor (age); so that any di ffer ence in * 
rates that is actually found can not be % explf ilfed .by . age 
differences' in the two' states. 

- The method of adjustment to be treated in thip 
program is called the direct method! The -direct method 
gets >ts name because it faces the problem of .adjus-tment 
head on. (pther metnods of adjustment are discussed in ' . 
the references.) It does^ this My forcing the comparison , 
of the two populations to^ be made on the b.asis of "a, 
common age distribution. In othe,r words, the confounding 



'facto^ds'directly ,reraov<ed by the substitution of a- 
common. age distribution 'for the separate a'ge distributions 
so -that both populations may be compared as if they^ad* 
thesame a^e structuYe. - % *. 




Adjusted 
Rates 



■ Fr Jjj? the above illustraj^nT^t l ( fan be seen that 
because of th* confounding factor comparing crude rates 
isMike comparing different kinds "oT fruits (e.g\, 
orange and* apple), wherea\^bmparirt£ adjusted rates is* 
like -comparing two fni'its ofH^e same kind (e.g., two 
pears) . The direct method removes the .confounding 
factor by substituting a common 'age distribution for the 
separate jige distributions of the two populations. 



The two-basic pieces of information .required for 



.this task v are: 



a ' fT ne ;( a g e ) specific (death) rates, , (pr proportions) 



. ; r;for eacITtes.t population.. 
i'^A standard population.- 

The information for .this example is* presented in , 
•the .two .tables on the following page. The age-specific , 
^ra^es.for Arizona an^ Alaska are 1 given in Table 1. .A -\ 
standard population (1960 U.S. standard million) is given- 
4n Table 2. . ' ' . . " - '10 



' ' ' TABLE t * 

Populations at Risk (PAR) and Age-Specific Death 
Rates (p) for Arizona and Alaska by Age <1960) ^ 



AGE 



<1 
*l-4 
5-14 
15-24 
25-34 
35-44 
45-54 
55-64 
65-74 
75-84 
85+ 



TOTAL 



arizonX 



'PAR 



34599 
1^2367 
285830 
186789 
169878 
17*3029 
136573 
5 92871 
63634 
22499 
4092 



1302161 



.0339 • 
.0018- 
.0005 
.0015 
a 00l9 
.0033 
.0077 
.0175 
-.0359 
* .0783 
. .1650 



.0078 - 



ALASKA 
PAR u p 



1 7101 

27092 

46110 
40722 
39672 
31981, 
18957 
9146 
3745 
1354 
287 



226167 



.0431 
.0021 
.0009 
.0014 
.•0018 
f OQ39 
.0091 
.0164 
.0398 
J1056 
.1429 . 



,0058 



» * , TABLE 2 

Standard Million Population of United States by Age (1960) 











AGE.. % 






PAR 


<1 »' : 






22883 


1-4 




££812 


" 5-14- 






196>27 


15-24 






133591 


•25-34 






126559 


35-44 






133515 


45-54 






114381 


55-64 






92650 


65-74 






60158 


75-84 * 






24933 


85+' 
« 






4791 








¥ 


TOTAL * 






10(^0000 








\ ^ 
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Question 6- Look at Tables 1 and 2 to answer the following: 

a* What" is the 65-74 death rate for Arizona? * 
J>. What is the 35-44 population-at-risk for the standard? 
c. What is the 35-44 death rate for the standard? 



Notice that the difference between the kind of 
information given .in Tabled and Table 2 i<J that Table 2 
does mot contain'any age-specif ip or even total crude * 
death rates. "This was a purposeful omission because 
standard rates are'not needed (and sometimes jiot even 
Known) for, the computation of the diWct rate. Actually, 
the age-specific PAR'S given in Table/l are not" formally'* 
needed' either and we have put them in on^v because this x ' 
is usually done for completeness and to give a sense of 
the difference in age structures . 

The standard population is that common distribution 
referred' to above whose primary* purpose is to serve as a 
reference group or'stahd-in (substitute) for the different' 
age distributions of Arizona 'and Alaska. The choice of 
the standard depends upon the particular situation and is 
in some sense always, arbitrary . The s-tandard.used here 
was the, U.S. 19£0 standard million/fcecause this latter 
group, was a reasonable, common dei/ominator for the popu- ^ 
Rations, of the. two states. This ^choice al*s6 has " the v - 
advantage of being equally good for'aVy other state we ' '* 
later decide to compare with, both Arizona and Alaska..' ^ 
Generally, the standard is chosen to agree as closely as . 
possible with the populations 'of interest. (Oftejf^ ' 
indeed,, the average of the two populations is used aV the 
standard.)^ Nevertheless, as you woul'd hope^' the choice 
of. the standard- usually /although not always) does not 
af fee* the direction of the results of your comparis6n. 



Question 7 . What cfioice of standard population would,;you suggest 
for comparing rates' in Epgland and Wales ln*1970? 

Question 8 . Which of the following populations would be^most 
appropriate for comparing 1974 death rates in two North Qaroliiia 
counties? . " . * « ( 

\ 

a. 1974 U.S. pop. b, 1974 N.C. pop. :*c. 19o0\ N.C. .pop. 

, Question 9 . Which ofV-the following populations would be", least 
appropriate-as a standard for comparing 1974 death'rates of whites 
and -blacks in a given N.C. county? ' 

a. 1974 N.C. pop. m ^ 1970 pop. of the given county 

b. 1974 pop. of the given county d.' 1970 U.S. pop. 

fcs 



To #immari2«e, the basic idea in computing a direct, 
rate for a test population (e.g., Alaska) is to compute 
what the (hypothetical) crude rate 'would be "for the test 
population' if i\f had the* same age structure as the 
standard (e.yfc., United States). When this is done for 

"two test populations using the same standard, the^con- 
fouhd^ng factor is removed because the two populations 

^are thus being treated as if they had the same age 
structure. ' ' * 1 

* c Npte that since neither Alaska not Arizona actually 
has the 4 same age structure as- the United States; their 
direct rates .'(using the same standard) are hypothetical. 

r^However", although the adjusted rates are* hypothef ical , 
they are nevertheless. compaYablie. . ;V*. 





TABLE 1 

Populations at Risk* (PAR) a$d Age-Specific^ Death* 
Rates (p) for Arizona a and Alaska by k%% (3-960) 



Crude Rates 
* Not Comparable 

c 



Adjusted Rates 
Hypothetical 
But Comparable 



AGE 




B. * How To Compute the Direct Rate 

You will now learn how to compute the direct 
adjusted rates for Arizona and Alaska using Tables 1 *and 
2. The procedure ^or computing the direct rate for any* 

given test population involves three steps : 
, * *: \ 

Step 1: Compute expected cases for each 
' , . specific group.' j * 

Compute, total expected cases*. "* , 



Step 2:' 
Step 3: 



Compute direct rate. 




<1 
1-4 
5-14 
15-24 
25-34 
35-44 
415-54 
55-64 
65-74 9 
75-84 
85+ 



ARIZONA • 
PAR p 



34599 
132367 
285830 
,186789 
169878 
173029 
136573 

9287; 

6363^ 

22499 x 
4092 



.0339 

.0018 

.0005 

,0015 

,0019 

.0033' 

.0077 

.'0175 

.0359 

.0783 

.1650 



UOTAL 



1302161 



.0078 



ALASKA 
PAR p 



7101 
27092 
46110 
I 40722. 
39672 

• 31981 

• 189*7 

9146 
3745 
1*354 
287 



.0431 
".0021 
.0009 
.0014 
:0018 
\0039 * 
.0091 
.0164 
.0398 
.1056 
.1429 



226167 



.0058 



TABLE 2 ■ 

Standard Million Population of UnitVd ^States by Age (1960) 



■ Now, in the Arizona-Alaska example; the':case8 we 
.... ' ; - • ' . 

\ are considering, "are. deaths. The total expected ©fcses*' 

t * ; Tefer to the hypothetical number of deaths in* the -test / 

\ population, (e.g.. , Alaska or' Ari zona) »that would t>e * 

expected, if the te$t population, had the same^age St rue- m 

I- ture as the standard. .-JTo get the total expected cases, \ 

ypti must sum oyer", all groups the expected ^casps for each 

specific group. t -}> i ^ 

Tables^ 1 and 2 are rep.eated here l^ecaUs.e they are '* 
' both needed to compute Step-l": 



AGE 


PAR 


<1 


* 22883 • 


< - 


JB9812 


5-14 


196727 - 


15-24 


133591 


1 25-34 


.126559 


35-44 * 


^133515 


' 45-54 


U4381 


55-64 


'92650 


. '65-74 


60158, 


75-84 


24933 




4791 



TOTAI/'^ V 



t 

1000000 



$ te P 1*' Find the expected number of deaths 'for each age, 
group by multiplying the standard population 
PAR by the test population rate for each age- 
specif ic ' group , e.g., 





For an example of St^p 1, looking back, at Tables 1 and, 2 
to get the data, you qan multiply as follows to get the 
expected deaths for- ages 5-14 in Arizona: 



196727 x .0005 = 98 (rounded' off) . 



(Note that conventions about roundin'g off vary. For 
'simplicity we shall use rounding to- the nearest whole, 
number in the Arizona-Alaska example, but in later 
examples we will carry one. or two decVmaL-piaces — even 
though that will seem to involve thinking about**f ractions 
of deaths or of disease cases.' In practice it is usually 
'sensible to carry at least *one more decimal place'in 
intermejiiate calculations than you plan to use in the 
final result.) 



Question 10, Using Tables rand 2, find the* expected "deaths for ages 
55 £ *64 in Arizona* 



Question 11, Looking back at Tables 1 and 2, how many expected' * 
death calculations must be carried out in order to compute direct 
rates for Arizona and Alaska? • # 



i. 



n order to perform- more conveniently all of the necessary 
computations' required for the direct method, the basic 

.... 22 



information of Tables 1 and 2 is rearranged into the 
following table. The ftnnpcessary information is left out 
, of this composite table v and jnost, ^but not all* of the 
calculations have been performed*. 



TABLE X \ > 
Standard Computing Format for .Direct Rate Adjustment 





STANDARD 
PAR 


j ARIZONA 


ALASKA 


AGE 


P 


E 


P 


E 




Col. 1 


Col. 2 


V— 

Col. 3 = 1V2 


Col. 4 


Col. 5 = 1 V» ' 




-•^22883 


.0339 





^0401 


• 


1-4 


89812 


.0018 




.0021 


^189 


5-14 


196727 


.0005 


' 9^ 


..0009 


■ 177 


15-24- 


133591 


.0015 
* 


200 


.0014 


187 


25-34 


. 126559 ^ 


.0019 


\ 240 


.0018 


228 


35-44 
<4$-54 


133515 


.0033 


441 


.0039 


521 


"114381 


.0077* 


881 


.0091 


1041 


55-64 


92650 


. .0175- 


1621 


.•0164 




65-74. 


60158 . 


.0359. 


2160 


.0398 


2394 


75-84 


24933 


.0783 


1952 


.1056 


2633 


85+ 


~~479t- 
< ,- 


.1650 


791 


.1429 


685 


Total 


J000000 


t 














e , 





The main difference between TSfble 3 ajid/Tables 1 and 2 is 
that space i,s provided in 3 Table 3 for the results of Step 
1," expected deaths (E) . You will be asked to construct a 
table like this later. „ * 



Question 12, Fill in the remaining blanks of expected deaths for 
Arizona in Table 3. You may flie" the following spac6 for calc\iations; 

Arizona <1: x v B . ( 

* Arizona 1-4: x „ ' 



***** 
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Step 2 : Compute total- expected deaths by adding expected* 
deaths over all age-specy^fic groups.. Y • 

'Step 2 is easy because all you have to do is add«#the 
expectjed'-'deaths computed in Step 4- overfall J age .groups 
(separately for Arizona and Alaska). 



Question 13 . Compute the total expected deaths for Arizona. 



Step 3 : ComputeVthe, 'direct rate by dividing the total 

\f ** * • ' 

expected deaths by the total standard population. 

Step 3*yields the two (direct), adjusted rates which 
are comparable, though hypothetical. Thus, the direct 
adjusted' rate for Arizona: 

'* • 

• 9322>1000000 «=' .009322 

r 

or *9.3 j>er 1000 if we found .to^one decimal place. 

Question 14 » Now perform Steps 1, 2 and *3 as needed to complete 
Table 3 for Alaska and*arrive at the direct rate for Alaska. ' 



C. Review Questions 

~, n. 

Suppose* you are given the followirtg data for comparing the 
coronary heart disease (CHD) rates of white male\ nonfarm workers 
AO anjj over with those of* while male farm workers 40 indjoifer in a 
certain! county in Georgia. „ 

■4W 



34. 



* 18 



- • 




i 


w 

' TABLE 


A 






• 

• 


Age 


Nanfarmers, 


Farmers 


Standard 
(combined groups) 






PAR 


p(CHD) 


. PAR 


p(CHD) 


PAR 


P 


• * 


40-44 
45-49 


72 
158 


. 125 
.089 


37 
91* 


.000 
.055 


1 HQ 

249 


* 

• UOj 

.076 


i 


- 50-54 


79 


.177 


76 


.079 


155 * 


.129 


* 


o 55 T S 59 


47 


.■277 


43 ■ 


.J86 


, 90 


.233 ' 


60+ 


4 


'.500 


' % 2 
* 


.000 


* 6 


.333 


> . 


Total • 


360 


'.145, 


249 




609 ^ 

e 


.11-7 





nil. " 

Rearrange. Table 4 in standard ^format so that adjusted rates can ■ 
be conveniently computed and nonessential information is left 
out-* (You nied not fill in the cells'fhat require multiplication, 
summation or (division.) Try to do this without looking back ,to" 
page 17. 




2. Use the above rearrangep^^iSTe to compute 'adjusted rates/for/ 
• non farmers and farmers., 

^ wft on farmers : 

Farmer's :\ 



Check, your^ansyers on pa je". 29: 




-19 v. 
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; ~*™*rf Z ^; INTERPRETING ADJUSTED RATES » 



fx 1 ' 



Again let us return to our Arizona -Alaska problem to* 
interpret what has-been achieved by adjustment. 



ARIZONA 



ALASKA 




- * 



aft.". 



. . Lo.oking at the two adjusted fates in the above 
picture, you^ ;^tice that "a~ ve»ry interesting change has 
- occurred; The ^.justed rate %r Alaska (10.6/1000) is 
higher- -than' .the adjusted, rat^ for Arizona (9.3/1000)! 
This is : jL»f%ver8al from the earlier' crude^ rates (5.8/1000 
;« for Aiaslca and 7.8/1000 for Arizona),! Tims, when' the 
;jUi£erences\in age . stn^ure ojf v the populations in- Alaska 
and Arizona are removei^the force of mortality in Alaska 
.is' a^tii^lLy higher than thai in Ari-zona, 



I eric 



question 15^ , Using the aajusted*ratesjfor Alaska and Arizona, which 
state appears to be* better ,off_ with regard ;to^mortality? ^ 



26 
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Question 16. Which of the following do you think best -describes the 
likelihood of your getting a similar reversal if a standard other 
than U.Srf I960 was used? 

a. impossible to get reversal with another standard 

b. certain to get reversal with another standard * 

c. possible, but generally unlikely to get reversal witfc another 
"standard 

d. generally likely to get' a reversal with another standard. 



, You may wish-^to review what you have learned by 
working through another example. Furthermore, you may 
♦be interested in an example for* which the confounding, 
factor is not age. , 



4. REVIEW USING A CONFOUNDING F ACTOR OTHER THAN AGE 

' *A ' 

" Let- us return 'to theShta on typhoid fever attack 
rates resulting from an epidemic in two adjacent communi- 
ties: ' 

P 



TABLE 5 



Race v " 


Community - 1 


Community ,2 

, * 


Standard 
(Combined/. 
Communities) 




PAR 


p 


PAR 


4 p 


< PAR 




2757* 


• .00218 ' 


j 

1020^ 


.00196 / 


3777 


White 


♦2002 


.00899 


5901 


\00jB81 


7903 


Total 


4759 


•00504 


. d?21 


.00780* 





Tou should havV previously (page 8} concluded that vaoe* 
adpue'tment was appropriate for comparing, the -attack Tates 
of the two ^communities controlling f.or the confounding 
factor race." *" - 

: . / <? .2.7 • . 
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Question 17 . Rearrange Table 5 in rs'tandard form leaving out . tf 
extraneous information and compute the direct race-adjusted rates. ^ 
Use the space below? 



Race 
* 


• 

* 




























) ■ 






e 
















Total: 













Adjusted rate for Community 1: 
Adjusted rate for Community 2: 



\ 



Question 18 » Using the adjusted rates just computed, which community 
has the higher attack rate? 

Quest ion 19 * True or '^ ie community with the ^higher crude 

.rate also had the higher direct rate. * k , 

Question '20 .- Did the adjustment process widen or narrow the 
> difference in rat^fbetween the two communities? 



- % Every" example iri' this moSule has adjusted rates for- 
a single confounding" factor. These techniques, however, 
Q can be, extended to. adjust for several confounding ' factors , 
for example t age and race, simultaneously. All that is 
needed is rates "specific to/each ^ubgroup (e>g.^ deajth / 
'00/ rates for , white maVes age 15-24) and^a standard population 
classified into such subgroups. *• 

' \^[\ j f/t'est your knowledge take the pos^ t.egt< that H * 
fff| r " £?Xloyf$! f jif^yoii get less than^O percent on this- test, 

* — m " J " Trtt 7 'read from "another 
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5. POST TEST 

(At least 90 percent is the expected performance level.) 

I. The ^following table presents mortality data for year 
X on two hypothetical communities' (A and B*) in~North* 
Carolina, giving the population (PAR) and the death 
rates Cp) for each communitx^^ryi for a combined 
standard* (A + B) within eactfc!^ three age groups:' 

> * • 

TABLE la 



Age 


Community A 


Community B 


Standard (A+B) 


PAR 




■ PAR 


P - 


PAR 


1 S 


Young 


2000 


.0020 


1000 / 


,0010 


30Q0 


.0017 


Medium 


2000 ' 




2000 . 


.0050 


4000 


.0050 


♦ Old 


20b<L 


>*.«>100 * 


3000 


.0090 


5000 


.0094 ; 


>> 














Total 


6000 
i — « 


',♦0057 ' 


6000 


.0063- 

> 


12000 


.0060 



1* ' a. What conditibhs'need x to rt be satisfied .to justify the 
use of rate Adjustment for this example? 1 



• * . • 


iii. 






* 


iv. 









b. which of these conditions are satisfied for this 



example^ 



c. Assuming that* you are not interested in only one 
, specific age group, wtiat should you check to deter- 
mine whether^use^jpf oyeralLrates .are .appropriated 



Points 



4 pts. ; 



2 pts. 



3 pes. 



d» 'Give the result of this check for the above example. 



Points 



2. a.^ Which Of the following standard populations, would 

^ least appropriate for use in adjustment of the ^ 
» .above data? 1 

i. Pooled communities (A+B>-for Year X * 
ii. U.S. population for Year X+2 
■ iii. Fooled, communities for Year t 
iv. N.C, population for Year X * 

\ 

b. Which of the following characteristics are appropri- 
ate for describing the standard population in this 
example? 

i. Standsrin for the age distribution "of both A 
, - and B 

ii* Should be chosen to resemble A and B as much 
as possible' \ ^ • 

' iii". Standard rates are not % needed for, computation 
of the direct rate r * » 

c. Which o£ the following -characteristics correctly 
describe the adjusted rate for Community A? . 

i. The crude rate for Community A if this 

' - t ^ community had the age-specific^ rates of the « 

v - standard " r f- * 

i'i. A hypothetical rate- 

, J % itf. Comparable to the adjusted rate of B^if the 

. * same standard is used ■ „ r - ^ 



3.>.^a; ^Complete tfte" following table "for calculation of 
,< -the -direct £ate: ' 9 



TABLE lb 



Points 



Age 



Young 

Medium 

Old 



Total 



Standard 
(A+B) 



3000 
4000 
5000 



12000 



Community A 
P' 



.0020 
.0050 



Expected 
Deaths 



50 



Community B 



.0010 
.0050 
.0090 



Expected 
Deaths 



b. Using your Results in (3a) compute the direct 
adjusted rates for each community. 

Community A; ' ~ 

\ * 
Community JJ: ' 



c. Based on your adjusted rates, which community is 
worse off? _* . 

i 

d. True or False* You would have made a different 
conclusion if you had only used the crude rates 
for Communities A and B. 

• * . \ • 



8 pts. 



8 pts. 



3 pts. 



3 pts. 
7 



Table Ila g'ives incidence rates of mongolism, (per live 
birth) specific to birth order for two maternal age 
groups in Michigan for the period 1950- 196V* 



TABLE Ila 



Birth 
•Order 


Maternal 
Age 20-24 


-Maternal 
Age < 20 


Michigan 




PAR 


- P > 


* PAR- 


P , 


PAR 


P ■ 


1 


330000 


. .00043 


230000 , 


L .00047 


731000 


.00056 


,2 


327000 


* 00.046 


72000 


.00035 


725000 


.00068 


* TV 


~l76O0<T 


To0040 


,15000 


•00020 


569000 , 


.00083 




69000 


.00038 


2000 


.Q0044 


358000. 


.00115 A 


5+ . 


■ 31000' 


.00026 


500 


.00000 


443000 


.00167'" 


Total 


933000 


.00043 


319500 


-. 00043" 


2826000 


.00090 * 



A. a. WKat is. the confounding factor in this* example? 



b. . How many birth o^der groups contain higher specific 

rates for maternal age group < 20 than for the # 
20-24 group? 

c. True or False. Your answer in (4b) gives support. 



for rate adjustment. 



5. a. 



What two basic pieces of information have beeii 
provided which are necessary for computation of 
adjusted rates? 



11. 



Whether or not you thinfe it is appropriate in this 
case to use an .overall rate, rearrange the above 
data into* standard computing format and fill in all 
the blanks in the table below. ' 

TABLE ;*IIb 



IS-'. 



Birth 
Order 


Michigan: 
Standard 
PAR/ ' 


Matei 
Age 2 

•* * 


-nai 
!0-24 

/ 


Matei 
Age** 


mal 

: 20. 


1 

2 

3 

4. 

5+ 


' 731000 
725000 • 
1 .569000 
, 358000 
443000 


. ; ■• / 

-;/ 

/ 


• 

/ -. 

/ 

/ . - . 

^ v 1 

f 




t 


* Total 


■ ■ ' ' € 

2826000 


/ 

/ 


\ 


V 

# 





Points 



0 . ♦ 

3 pts. 



3 pts^ 



3 pts. 



5 pts. . 



'18 pts* 



'26^ 



n 




^c. Compute the adjusted rates for- both' maternal age 
groups. 

20-24: °__ K ' * n 

< 20: - * f 
— \ 1 /f 

6. a. Which group is of higher risk for mongolism births? 



b. True or False. There was a reversal in the 
comparison" when 'going from crude to adjusted rates. 

•# 

c. State the one*reservation that you should have 
regardipg the conclusions you have- reached- in 
(6a) and (6b). 



Points 



8 pts. 



5 pts. 



5 pts. 



5 pds. 

TOTAL 
SCORE 



RECOMMENDED FQLDOW-UP ACTIVITIES 



v 



It is retomiqended that you now. study the indirect 
method of rate«adjustment an£ its comparison to the direct 
method. Then you may want to continue with statistical , 
inference *£or comparing adjusted rates. 



. 1. APPENDIX: A STANDARD^ILtlON * 



• A standard million is a pop 
.numbers in specific categories 



on (PAR) whose , 
en changed in .order 
to total— 1-m.i Li-ion^ while,! rem^ftl ng- fc hfe^amer-r-elatiw-.— 
proportions ♦ -'The process of revision to total 1 million 
amounts to finding the proportionate part o'f the .total 
po'pula^ion in each specific group (analagous to the 
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33 % : 




one of tfce four ^descriptions is correct, namgly -ti 
both questions, *: *■ 



\ -/ rV-^V'sCj '"-^--i" A*"-^ ^a^fc^becausf^ie Vace-apecif legates would/not^vary Inline 

^ V " ; overall-rate would" noT ^ 

— ^ :: V- r - * V - . " " * ~~ ^ r " - * | _ - be-meanjjtgftflTand t^ls condition . f^^^ustment would JHoj. be met* 



Age 



my ' 



<1 

. 1-4 

, - 15-24, 
v „ ^5-34 
35-44 

* 55-64 
' "65-74 
* 75-84, 

- 85+' 



Total 



4,124^6^ 
16^5 t 4l5% 
35,474,^82;^ 
24 ,089*957 
22,821,8138 
24,076^192 
20> 625*775 
16,707,225 
10,848;086 
-4,496,032 

. 863,922 



1^0, 325,775 



i- v propQF^^ V I r you got. all the answers, on the review right you - 

^ ^ * ^ ^ ^ ;;r-;Jg^V'~ propor- ^^^^eVready to" pVoceed to Section 2. Sf^yoii missed more 

^,3/, 000, 000 x tionate ^ c 's - * * . • 4 ■ 

jartw" ""S-^^- : .-"tlvan.one you oygjit .to. reread Section 1 ^before proceeding-. 




-J 



;j^7' 

.1265'59 : 'V-; 
i -£33515" >";■ 

.114381,.. 
;s . .'.092650 

• 0601^8 

.024933 

..004791 . h 



1.00^00 



^W; : ?>i2|.,883. J^^V 

./ . 196,727" ? - * 
133 ,591 

- .-356; 559 . ^ 

133,515 

114*381 '---^ 
92,650 * , 
60,158 ' % r 
24,933 
- V791 



2jj). Roy.iew Questions , 
,1. Your- rearranged table should look as follows: 



Age 



.1,000,000 



40-44 
45-49 % 
50- 5A 
•55 r 59 " 
60+ 



Total 



Standard 
"PAR 



^249 
>55'. 
90 
6 



.609 



Alonfarmers 



.125 

.-089 

.U7 

.277^ 

. ( 500 



exp*. 
cases 



Farmers 



.000 
*055 
,079 
»186 

,000^ 

/i 



exp. 
cases 



.8; ANSWERS * TO. REVIEW SECTION QUESTIONS 
I*/ /ic: ReviewgQuestions .\ - " • 



l»""a» rate or propdrHon,;, 
» *■ * 
b. * comparison 



a. , overall rate 
d. confounding factor 






2. 

"* * 
Age 


Standard 
PAR 

1 


Nonfarmers 


- Farmers 




P 


exp. 
cases • 


P " 


exp. 
cases 


ft** 


^ * • 40-44* 


409 


.125 


13.625 
22.T6T"*" 
27.435 
$4,930^ 
^3.000 . 


\ooo 


0 




• 45-,49 
9 50-54 * 
55-59 
. 60+ 


249 
155 
^90 
' 6 


.08 9> > 
' .177 
.277 
; 500 


~ .055^ 
.079 
• 186 
.000 


~U.695 
. 12.245 
16.740 

0 ^ 


28 


» 

% ^ Total 


,609 




~91.151 


1 


42.68 



±4s 



29 



If: 



-V r 



— — .~u*. M ^ — — - ^ , — 91 I'll - 

Adjusted Rate for Nonfarmers: ~ n »■ 0.1497 or 14.97 per 100. * 
v * buy 

x ^2 go ____ 

Adjusted Rate for Farmers: ~~ « O.t)701 or^7.01 per 100. , 

^ (Note that we have earlfer expressed rates as numbef 
per thousand but we are expressing these* rates as number* 
per hundred. The choice of such a base is really arbitrary. 
.The guiding principle is usually that the smallest rate / 
has a single digit to the left of 'the decimal point.) 



w - h ANSWERS ^0 IN -TEXT QUESTIONS 1-20 

1, Alaska, because ,of its colder, damper climate, which you would 
* . expect to make it have a higher mortality rate* ^ 

»i, • * ■ 

2» False, Though there would be some evidence to suggest that 

there are no climatic effecjts overall, the comparison of interest 

is confounded by the factor age, If no difference in crude rates 

is observed, this may be entirely due to difference in age 

^structures between Alaska and Arizona. Similarly, any large 

difference (such as the one we observed" in the illustration) < 

V ,/^_^gbtf a^jsb explained 'entirely by 'the age factor.- Also', there 

JfeC .<'' ' 4 Jpay be other confounding- factors such a§ the number or quality ' 

^^X'i-r * ^ ^medical care facilities that* could explain any observed dif- 



is -not* defined as ; a ratfe 



7. * - - ference-or-mask any true difference. 

sS3f5f<?r' ?.»' l P a l Se >' because your event of interest 
bur rather as, a mean. 

» Failsey because (a) you would not be interested 'in comparing 



'^veralt rates, and (b) .because ag% would bpt be a /confounding 
■Jj^vQV"' v^actorV Note, however; that th|^^B^goJ^>5r6V''may not be 

restricted : jiarrpwly enough so 'tha t wi thin' this age* * gro up , * ther e 
^may^till^be confounding due* to age* ' 



few 5 •••'•« . •§ 



5'. The answer here should be False since the comparison of rates 
within age-specific groups (broadly classified into old and 
young) differs greatly and in a different .direction depending 
on the age group. 



a. .0359 



b. 133515 



c. not given. 



Either total Great Britain 1970 or England and Wales 1970 

would be good. U.S. 1960 would not be as good as it would be 

further removed in time and place! 
; 

(b.) since 1974 N.C. population- is more closely related to 
the two counties than the other two. 



10. 
11. 
12. 



Since 1974 U.S. population is the least related to the 
population of the two groups of interest, the answer is (d.). 

92650 x .0175 = 1621. 

* ' fi 
22, since there are 11 .age groups in Arizona and 11 in Alaska* 



Arizona < 1: 2288,3 * .0339 .« 776 
Arizona 1-4: 89812 x .0018 - 1,62, 



13. 9322, which is obtained by summing all expected deaths J.n 
column 3 .of Table 3. ■ ' + 

14. .010560 or 10.6 per 1000 if we round to one "decimal place, 

15. Your answer should be Arizona, since*it has the lowdr adjusted 
rate\ , 

16". The correct answer^is (d.), because usually (though not 

always) the results will be comparatively the same regardless 
of the standard-chosen, especially -if the standard reasonably 
relates to the populations being. compared. 

i ^ V 

17. Your answer should be as' in the following tablet ■ 



31 



Race 

• J 


Standard 


l 

Community, 1 


• Community 2 


PAR 
A- 


p * 


exp. 
deaths 


p 


exp. 
deaths 


Black 


3777 


•00218 


< 

8.234 


•00196 


. 7.403 


White 


7903 


. .00899 * 


71.048 


.OQftBl 


69.625 


Total 


11680 




79^282* 

* *., - 




77.028 



18 

i9, 

■2o! 



I. 



. Adjusted, rate - total expected deaths \ 

total standard population * ***** 

v " 79- 2S2 " 
Community if n ' 68Q ' ° .00679 or 6.79/1000 

>*. \* 1 . ' . • ' 

77 028 M 4 * * 

Community, 2: 1168Q -« ;00tf59 or 6.59/1000. 

Your answer is Community 1. > ^ « 

Ypur answer should b,e narrow, since the difference*' be tween* crude ** 
rates is -7.86/1000*- 5.04/1060 - £.76/1000 ^hereas the deference* 
between adjusteaxxates is -6.79/1000*^6.59/^000* « 0.20/1000, ** 
Thus the adjustment process narrowed the difference considerably, 

10, » ANSWERS 'TO EO ST TEST % 

l«r a.' (-1) rate or proporation (iii) 4 overall rate'" * 

* (ii) comparison * • (iv) confounding factor o > 

* ' I • 

. • / # > 

'' b. all of them * * { \ 

* / K * * 

c. Check to see whether dijf fer«bces/in specif ic rates are # 
consistently .in the same direction over all specific groups. 



ammunity A ! s specific rates, are as high or higher than.. 
those of Community B in every case, if rates arJ^J^- 
sistent. Thus an overall* rate is appropriate. 

All of them 

£11 but (i) • 



TABLE" lb 





Stand- 


Community A 


. CofflBfcnity B 


Age 


ard 


* 








(AtB) 




Expected 




Expected^ . 




P 


Deaths 


P 


Deaths 


Young 
* Medium 
Old 


3000 
' 4J#X) 
5000 


.0020 
.0050 
.0100 


6 


.00*10 
.0050 
.0090 


r - ? 

. . 3 * % 


<20 


20. ■ 


50^ 


. 45 






Total 


f2000 




76 








1 — X 






— t 


V/- 




V 





Community A: 



76 



12000- 



68 



Community Bi 

Community A 

"True 1 



.00633 or 6.33/I9OO 
.00567 or 5.67/1000. 



r 



Birth order 
Two » a 

False 



(i) (birth order) specific rates 
(ii) standard population 



IS-/., 



Order 


Michigan 
Standard 
PAR ° 


Materna 
Group 

P 


1 Age 
20-24 

Exp. 
Cases 


J* 
- Maternal 

<€roup % < 

P 


Age 

"20 , 
~* 

Exp. 
Cases ' 


• 

* 

JL 

2 
J . 

.' 4 - ' 

•5+ 

« 


t jIuuu 

725000 

JU7UUU 

358000 
443000 • 


• vvU^J 

.00046 
.00040 • 
.00038 ; 
•00026 \ 


i #• | 

N 11/. oo 

^ 333.50' 

136.04 
115.18 


JJ0047 
-.00035"' 
v nnn?n 

lUUUeU 

.00044 
.00000 


Of* J . D 1 

-253.75 

-L.J.J.OU 

157.52 
000.00' 


^ Total • 


2826000* 




1126.65 


' ' \ 

t 


868.64 



c. lAge 20-24: , . 000399 or .39.9/mO,000 



Age <.2p; ' Ad ^ ei ' - Itfoolr" *000307 or 30.7/100,000. 



.'•rife 



.". 20^24 maternal age group. 



<U). True (crude rates were equal, adjusted rates different). 

c. Since one maternal age group does not have . consistently 
higher birtlw>rder s^^lfic rates thanjthe ottief *grdup, 
use" of overall rates as quest ionabie, because overall* 
w . fafes^mask birth order Specif ^.differences. 
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. STUDENT FORM 1 ■ 
Request for Help 



Return to: - 
EDC/UMAP ' 
55 Chapel St. 
Newton, MA 02160 



Student: If you have trouble wit;h a specific parp of thfs unit, please fill 
out thj.s form and "take, it to yourUns true tor for assistance. The information 
you give will help the author td revise the unit. 

Your Name 




OR 




Unit No. 



OR 



Description^ of Difficulty: (Please be specific) 



Model, 'Exam 
Problem .No. 

T4xt 
Problem No. 



O 



Instructor : * Please indicate your resolution* o£> the difficulty in this box. 
f \SJ Corrected errors in materials. / List corrections hej^: 



Gave student better explanation, example, or procedure than in unit. 
^"-^ "Give brief outline of your addition here: . . 



5^ 



.0 



Assisted sjtftdent in acquiring general learning and problem-Bolving 
skills (not using.* examples from this unit.) * 

- WJ If T • 



- ' ' 42. . 

Instructor f s^ Signature 



. . . • * Return to:« 

STUDENT FORM 2 *EDC/UMAP 



* Unit .Questionnaire^ * * J 5 Chapel St. 

# < Newton, MA 02160 



Name ' Unit No. Date 



Institutio n > *s* v . Course No 

S* — ' 



Check ^the choice fo*r each question that # comes closest to, your personal opinion. 
1. How useful was .the amount of detail in the un it? 

i ; ' — * ~ — : 

\ * -N ot' enotfgH^detai^ t6 understand the unit - s , « 

> Unit would have bfeen clearer with more detail 

Appropriate amount 6f detail . A 



Unit was occasionally too detailed, iut this was not distracting,.,. 



Too "much detail; I was often distracted 

0 



.2.. How helpful were the problem answers ? 

Sample solutions were too brief; I could not do the intermediate steps 

• v » ' S ufficieut information was given to solve the problems * 
; Sample solutions were too detailed; I didn't need them 



3. ' Except for fulfilling the prerequisites, how much did you use other sources (for 
' example instructor, friends, or other books) in order to understand the unit? 

* A Lot Somewhat * A Little ' Not , at all . 



4. How long was this unit in ' comparison to -the amount of time you generally spend on 

a lesson (lecture and homework assignment) in a typical math or science course? 

- # * " ■ ' * * 

* Much " Somewhat ^About • \> 1 Somewhat Much . 

Longer ' Loriger * * tfte Same * Shorter* Shorter 

5. • Were s any of the f Qllowiag partes of "thq unit, confusing or distracting? (Check 

as many asC&PplyO ? * ' . * ' 

Prerequisites : * n * 

Statement, of skills 'and concepts (objectives) * 



' Paragraph headings r * - 

'Examples • . 

Special Assistance Supplement (;Lf present) 

Other, please explai n , 



•6. Wfere*W Qf the followiiig parts of the unit particularly helpful? (Check as many § 



as apply.) 
[ Prerequisites 

Statement .of skills and concepts;* (objectives 1 ) 



* t 

Examples. • V _ # 

"Protlem^' - - j? % " ' ; ' * } , . 

^Paragraph headings * 
"Table 6f Contents 



,1 Special Assistance Supplement (if present) 

» Other, please explai n * *_ \ ^ 



Please describe anything in '.the unit that you ^id not particularly like. 



Please describe anything that you |ound particularly helpful. (Please use the back* of 
this sheet if you need more space.) j %# 



